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(57) ABSTRACT

A semiconductor device may include the following ele-
ments: a first substrate; a second substrate; a dielectric layer,
which may be positioned between the first substrate and the
second substrate and may have a hole; a first conductive
member, which may be positioned in the dielectric layer; a
second conductive member, which may be positioned in the
dielectric layer, may be spaced from the first conductive
member, and may be positioned closer to the second sub-
strate than the first conductive member; and a third conduc-
tive member, which may contact both the first conductive
member and the second conductive member through the
hole.

11 Claims, 8 Drawing Sheets
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S101 Preparing a first substrate; preparing a second substrate;
providing a first dielectric layer that overlaps the first substrate, wherein
a first conductive member is positioned in the first dielectric layer;
providing a second dielectric layer that overlaps the second substrate,
wherein a second conductive member is positioned in the second
dielectric layer.

Y

102 Bonding the first dielectric layer and the second dielectric layer to
gach other to form a combined dielectric layer.

S103 Forming a hole in the combined dielectric layer, such that the hole
exposes a portion of the first conductive member and exposes a portion
of the second conductive member.

Y

S104 Providing a diffusion barrier material in the hole to form a
diffusion barrier that covers a side wall of the hole and covers the
exposed portions of the first and second conductive members.

L4
S105 Providing a conductive material in the hole to form a third
conductive member, such that the third conductive member includes
the conductive material and the diffusion barrier and contacts both the
first conductive member and the second conductive member through
the hole.

FIG. 5
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SEMICONDUCTOR DEVICE, RELATED
MANUFACTURING METHOD, AND
RELATED ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and benefit of Chinese
Patent Application No. 201410143547.7, filed on 10 Apr.
2014, the Chinese Patent Application being incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention is related to a semiconductor
device, a method for manufacturing the semiconductor
device, and an electronic device that includes the semicon-
ductor device.

An electronic device may include various components
and/or modules. For example, a mobile phone may include
one or more of an image signal processor (ISP), a back-
illuminated sensor (BSI), a radio frequency front end mod-
ule system on chip (RF FEM SOC), a nonvolatile memory
(NVM), etc. Some the components and modules may
include semiconductor devices having three-dimensional
integrated circuits (3D ICs) that include interconnected
semiconductor device elements that are included in different
layers of circuits.

Via members for connecting elements of different layers
may be substantially long and may respectively extend
through separated vias. Therefore, the semiconductor device
may have significant parasitic issues, such as additional RC
delay and/or parasitic capacitance, which may undesirably
affect the performance of the semiconductor device.

SUMMARY

An embodiment of the present invention may be related to
a semiconductor device. The semiconductor device may
include the following elements: a first substrate (e.g., a first
semiconductor substrate); a second substrate (e.g., a second
semiconductor substrate); a dielectric layer, which may be
positioned between the first substrate and the second sub-
strate and may have a hole; a first conductive member, which
may be positioned in the dielectric layer; a second conduc-
tive member, which may be positioned in the dielectric layer,
may be spaced from the first conductive member, and may
be positioned closer to the second substrate than the first
conductive member; and a third conductive member, which
may directly contact both the first conductive member and
the second conductive member through the hole.

Each of the first conductive member and the second
conductive member may extend parallel to the second
substrate. At least one of the first conductive member and the
second conductive member may include an aluminum (Al)
portion.

The third conductive member may extend perpendicular
to the second substrate. The third conductive member may
include at least one of a copper (Cu) portion and a tungsten
(W) portion.

The third conductive member may extend through an
insulating portion of the first substrate.

A first side (e.g., a first bottom side) of the third conduc-
tive member may directly contact the first conductive mem-
ber. A second side (e.g., a second bottom side) of the third
conductive member may directly contact the second con-
ductive member. A third side (e.g., a lateral side) of the third
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conductive member may be positioned inside the dielectric
layer and may be directed connected to each of the first side
of the third conductive member and the second side of the
third conductive member.

A length of the third side of the third conductive member
may be less than a total length of the third conductive
member in a direction perpendicular to the second substrate
(e.g., the bottom surface of the second substrate opposite the
first substrate).

The first side of the third conductive member may directly
contact a first side of the first conductive member. The third
side of the third conductive member may directly contact a
second side of the first conductive member.

The third conductive member may include a conductive
material portion and a diffusion barrier. The conductive
material portion may be formed of a first conductive mate-
rial (e.g., at least one of copper, tungsten, and/or one or more
other suitable materials). The diffusion barrier may be
formed of a second conductive material (e.g., tantalum
nitride and/or one or more other suitable materials) different
from the first conductive material. The diffusion barrier may
be positioned between the conductive material portion and at
least one of the first conductive member and the second
conductive member.

The first conductive member may include a conductive
material portion and an etch-stop layer. The conductive
material portion may be formed of a first conductive mate-
rial (e.g., aluminum and/or one or more other suitable
materials). The etch-stop layer may be formed of a second
conductive material (e.g., tantalum nitride and/or one or
more other suitable materials) different from the first con-
ductive material. The etch-stop layer may be positioned
between the conductive material portion and the first sub-
strate.

The third conductive member may directly contact both
the conductive material portion and the etch-stop layer.

The etch-stop layer may be positioned between the con-
ductive material portion and a portion of the third conduc-
tive member.

The second conductive member may include a conductive
material portion and an etch-stop layer. The conductive
material portion may be formed of a first conductive mate-
rial (e.g., aluminum and/or one or more other suitable
materials). The etch-stop layer may be formed of a second
conductive material (e.g., tantalum nitride and/or one or
more other suitable materials) different from the first con-
ductive material. The etch-stop layer may be positioned
between the conductive material portion and the third con-
ductive member.

The third conductive member may include a metal portion
and a diffusion barrier. The diffusion barrier may be posi-
tioned between the metal portion and the etch-stop layer.

An embodiment of the invention may be related to a
method for manufacturing a semiconductor device. The
method may include the following steps: preparing a first
substrate, which may include an insulating layer; preparing
a second substrate; providing a first dielectric layer on the
first substrate, wherein a first conductive member may be
positioned in the first dielectric layer; providing a second
dielectric layer on the second substrate, wherein a second
conductive member may be positioned in the second dielec-
tric layer; bonding the first dielectric layer and the second
dielectric layer to each other to form a combined dielectric
layer; forming a hole in the combined dielectric layer, such
that the hole exposes a portion of the first conductive
member and exposes a portion of the second conductive
member; and providing at least a conductive material in the
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hole to form a third conductive member, such that the third
conductive member may directly contact both the portion of
the first conductive member and the portion of the second
conductive member through the hole.

A first side of the third conductive member may directly
contact the first conductive member. A second side of the
third conductive member may directly contact the second
conductive member. A third side of the third conductive
member may be positioned inside the combined dielectric
layer and may be directed connected to each of the first side
of the third conductive member and the second side of the
third conductive member.

A length of the third side of the third conductive member
may be less than a total length of the third conductive
member in a direction perpendicular to the second substrate.

The first side of the third conductive member may directly
contact a first side of the first conductive member. The third
side of the third conductive member may directly contact a
second side of the first conductive member.

The method may include providing a diffusion barrier
material (e.g., tantalum nitride and/or one or more other
suitable materials) in the hole to form a diffusion barrier. The
conductive material (e.g., at least one of copper, tungsten,
and/or one or more other suitable materials) may be subse-
quently provided to form a conductive material portion. The
third conductive member may include the conductive mate-
rial portion and the diffusion barrier.

The method may include forming the first conductive
member such that the first conductive member may include
the first conductive member a conductive material portion
and an etch-stop layer. The conductive material portion may
be formed of a first conductive material (e.g., aluminum
and/or one or more other suitable materials). The etch-stop
layer may be formed of a second conductive material (e.g.,
tantalum nitride and/or one or more other suitable materials)
different from the first conductive material. The etch-stop
layer may be positioned between the conductive material
portion and the first substrate after the bonding.

The third conductive member may be formed to contact
both the conductive material portion and the etch-stop layer.

The third conductive member may be formed such that
the etch-stop layer may be positioned between the conduc-
tive material portion and a portion of the third conductive
member.

The method may include forming the second conductive
member such that the second conductive member may
include a conductive material portion and an etch-stop layer.
The conductive material portion may be formed of a first
conductive material (e.g., aluminum and/or one or more
other suitable materials). The etch-stop layer may be formed
of a second conductive material (e.g., tantalum nitride
and/or one or more other suitable materials) different from
the first conductive material. The third conductive member
may be formed such that the third conductive member may
include a diffusion barrier and such that the etch-stop layer
may be positioned between the conductive material portion
and the diffusion barrier.

An embodiment of the invention may be related to an
electronic device may include one or more features of the
aforementioned semiconductor device and/or may include a
semiconductor device manufactured using one or more steps
of the aforementioned method.

According to embodiments of the invention, in a semi-
conductor device, two separated horizontal conductive
members may be electrically connected to other elements
through a single vertical conductive member, rather than
through two spaced vertical conductive members. Therefore,
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4

parasitic issues in the semiconductor device may be mini-
mized or substantially prevented. Advantageously, the per-
formance of the semiconductor device (and a related elec-
tronic device) may be substantially satisfactory.

The above summary is related to one or more of many
embodiments of the invention disclosed herein and is not
intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic cross-sectional view that illus-
trates elements and structures of a semiconductor device in
accordance with one or more embodiments of the present
invention.

FIG. 2 shows a schematic cross-sectional view that illus-
trates elements and structures of a semiconductor device in
accordance with one or more embodiments of the present
invention.

FIG. 3 shows a schematic cross-sectional view that illus-
trates elements and structures of a semiconductor device in
accordance with one or more embodiments of the present
invention.

FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D show schematic
cross-sectional views that illustrate structures formed in a
method for manufacturing a semiconductor device in accor-
dance with one or more embodiments of the present inven-
tion.

FIG. 5 shows a flowchart that illustrates a method for
manufacturing a semiconductor device in accordance with
one or more embodiments of the present invention.

DETAILED DESCRIPTION

Example embodiments of the present invention are
described with reference to the accompanying drawings. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
Embodiments of the present invention may be practiced
without some or all of these specific details. Well known
process steps and/or structures may not have been described
in detail in order to not unnecessarily obscure the present
invention.

The drawings and description are illustrative and not
restrictive. Like reference numerals may designate like (e.g.,
analogous or identical) elements in the specification. Rep-
etition of description may be avoided.

The relative sizes and thicknesses of elements shown in
the drawings are for facilitate description and understanding,
without limiting the present invention. In the drawings, the
thicknesses of some layers, films, panels, regions, etc., may
be exaggerated for clarity.

Iustrations of example embodiments in the figures may
represent idealized illustrations. Variations from the shapes
illustrated in the illustrations, as a result of, for example,
manufacturing techniques and/or tolerances, may be pos-
sible. Thus, the example embodiments should not be con-
strued as limited to the shapes or regions illustrated herein
but are to include deviations in the shapes. For example, an
etched region illustrated as a rectangle may have rounded or
curved features. The shapes and regions illustrated in the
figures are illustrative and should not limit the scope of the
example embodiments.

Although the terms “first”, “second”, etc. may be used
herein to describe various elements, these elements, should
not be limited by these terms. These terms may be used to
distinguish one element from another element. Thus, a first
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element discussed below may be termed a second element
without departing from the teachings of the present inven-
tion. The description of an element as a “first” element may
not require or imply the presence of a second element or
other elements. The terms “first”, “second”, etc. may also be
used herein to differentiate different categories or sets of
elements. For conciseness, the terms “first”, “second”, etc.
may represent “first-category (or first-set)”, “second-cat-
egory (or second-set)”, etc., respectively.

If a first element (such as a layer, film, region, or sub-
strate) is referred to as being “on”, “neighboring”, “con-
nected to”, or “coupled with” a second element, then the first
element can be directly on, directly neighboring, directly
connected to, or directly coupled with the second element, or
an intervening element may also be present between the first
element and the second element. If a first element is referred
to as being “directly on”, “directly neighboring”, “directly
connected to”, or “directed coupled with” a second element,
then no intended intervening element (except environmental
elements such as air) may also be present between the first
element and the second element.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper”, and the like, may be used herein
for ease of description to describe one element or feature’s
spatial relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the
spatially relative terms may encompass different orienta-
tions of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below”
or “beneath” other elements or features would then be
oriented “above” the other elements or features. Thus, the
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations), and the spatially relative
descriptors used herein should be interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments and is not intended to limit the
invention. As used herein, the singular forms, “a”, “an”, and
“the” may indicate plural forms as well, unless the context
clearly indicates otherwise. The terms “includes” and/or
“including”, when used in this specification, may specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but may not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups.

Unless otherwise defined, terms (including technical and
scientific terms) used herein have the same meanings as
commonly understood by one of ordinary skill in the art
related to this invention. Terms, such as those defined in
commonly used dictionaries, should be interpreted as having
meanings that are consistent with their meanings in the
context of the relevant art and should not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

The term “connect” may mean “electrically connect”. The
term “insulate” may mean “electrically insulate”. The term
“conductive” may mean “electrically conductive”

Unless explicitly described to the contrary, the word
“comprise” and variations such as “comprises”, “compris-
ing”, “include”, or “including” may imply the inclusion of
stated elements but not the exclusion of other elements.

Various embodiments, including methods and techniques,
are described in this disclosure. Embodiments of the inven-
tion may also cover an article of manufacture that includes
a non-transitory computer readable medium on which com-
puter-readable instructions for carrying out embodiments of
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the inventive technique are stored. The computer readable
medium may include, for example, semiconductor, mag-
netic, opto-magnetic, optical, or other forms of computer
readable medium for storing computer readable code. Fur-
ther, the invention may also cover apparatuses for practicing
embodiments of the invention. Such apparatus may include
circuits, dedicated and/or programmable, to carry out opera-
tions pertaining to embodiments of the invention. Examples
of such apparatus include a general purpose computer and/or
a dedicated computing device when appropriately pro-
grammed and may include a combination of a computer/
computing device and dedicated/programmable hardware
circuits (such as electrical, mechanical, and/or optical cir-
cuits) adapted for the various operations pertaining to
embodiments of the invention.

FIG. 1 shows a schematic cross-sectional view that illus-
trates elements and structures of a semiconductor device in
accordance with one or more embodiments of the present
invention. The semiconductor device may include a first
chip 100 (or first circuit layer 100) and a second chip 200 (or
second circuit layer 200) that overlap each other. Elements
of the first chip 100 may be connected to elements of the
second chip 200 through a first via member 1011, a second
via member 1012, and a horizontal interconnect 1013 that is
electrically connected to each of the first via member 1011
and the second via member 1012.

FIG. 2 shows a schematic cross-sectional view that illus-
trates elements and structures of a semiconductor device in
accordance with one or more embodiments of the present
invention. As illustrated in FIG. 2, the semiconductor device
may include the following elements: a first substrate 100
(e.g., a first semiconductor substrate associated with a first
chip); a second substrate 200 (e.g., a second semiconductor
substrate associated with a second chip); a dielectric layer
(e.g., a combination of a first dielectric layer 101 and a
second dielectric layer 103), which may be positioned
between the first substrate 100 and the second substrate 200
and may have a hole; a first conductive member 107, which
may be positioned in the dielectric layer; a second conduc-
tive member 109, which may be positioned in the dielectric
layer, may be spaced from the first conductive member 107,
and may be positioned closer to the second substrate 200
than the first conductive member 107; and a third conductive
member 104, which may directly contact both the first
conductive member 107 and the second conductive member
109 through the hole.

The first substrate 100 may include a first monocrystalline
silicon portion. The first substrate 100 may include a first
insulating member 106 (which may abut the first monoc-
rystalline silicon portion) and a first P-N junction set 105
(which may be positioned between two portions of the first
insulating member 106). The semiconductor device may
include a third dielectric layer 102, wherein the first sub-
strate 100 may be positioned between the first dielectric
layer 101 and the third dielectric layer 102. The first P-N
junction set 105 may form at least part of a first field-effect
transistor set 201. Lateral sides of the first field-effect
transistor set 201 may be insulated by the first insulating
member 106.

The second substrate 200 may include a second monoc-
rystalline silicon portion. The second substrate 200 may
include a second insulating member 110 (which may abut
the second monocrystalline silicon portion) and a second
P-N junction set 108 (which may be positioned between two
portions of the second insulating member 110). The second
P-N junction set 108 may form at least part of a second
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field-effect transistor set 202. Lateral sides of the second
field-effect transistor set 202 may be insulated by the second
insulating member 110.

At least one of the first dielectric layer 101, the second
dielectric layer 103, and the third dielectric layer 102 may be
formed of a silicon-containing dielectric material. The first
dielectric layer 101 may have a multi-layer structure,
wherein the first conductive member 107 may be positioned
between adjacent layers of the first dielectric layer 101. The
second dielectric layer 103 may have a multi-layer structure,
wherein the second conductive member 109 may be posi-
tioned between adjacent layers of the second dielectric layer
103.

Each of the first conductive member 107 and the second
conductive member 109 may extend parallel to the second
substrate 200. At least one of the first conductive member
107 and the second conductive member 109 may include an
aluminum (Al) portion.

The third conductive member 104 may extend perpen-
dicular to the second substrate 200. The third conductive
member 104 may include at least one of a copper (Cu)
portion and a tungsten (W) portion.

The third conductive member 104 may extend through the
first insulating member 106. A first portion of the third
conductive member 104 (e.g., a left portion of the member
104 shown in FIG. 2) may be positioned inside the first
dielectric layer 101 and may directly contact the first con-
ductive member 107. A second portion of the third conduc-
tive member 104 (e.g., a right portion of the member 104
shown in FIG. 2) may extend through the first dielectric
layer 101 into the second dielectric layer 103 and may
directly contact the second conductive member 109. Both
the first and second portions of the third conductive member
104 may be positioned in a hole of the combined dielectric
layer that includes the dielectric layers 101 and 103. The
third conductive member 104 may contact both the first
conductive member 107 and the second conductive member
109 through the same hole.

The third conductive member 104 may extend through the
third dielectric layer 102 and may directly contact one or
more conductive members that are positioned on the third
dielectric layer 102.

In an embodiment, the third conductive member 104 may
extend into an integrated dielectric layer that includes the
third dielectric layer 102 and may directly contact one or
more conductive members (e.g., the interconnect structure
203) positioned inside the integrated dielectric layer.

A first side of the third conductive member 104 (e.g., a
relatively higher bottom side of the member 104 illustrated
in FIG. 2) may directly contact the first conductive member
107. A second side of the third conductive member 104 (e.g.,
a relatively lower bottom side of the member 104 illustrated
in FIG. 2) may directly contact the second conductive
member 109. A third side (e.g., a lateral side) of the third
conductive member 104 may be positioned inside the dielec-
tric layer and may be directed connected to each of the first
side of the third conductive member 104 and the second side
of the third conductive member 104.

A length of the third side of the third conductive member
104 may be less than a total length of the third conductive
member 104 in a direction perpendicular to the second
substrate 200 (e.g., the bottom surface of the second sub-
strate 200 opposite the first substrate 100).

The first side of the third conductive member 104 may
directly contact a first side of the first conductive member
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107. The third side of the third conductive member 104 may
directly contact a second side of the first conductive member
107.

The third conductive member 104 may include a conduc-
tive material portion and a diffusion barrier 1041. The
conductive material portion may be formed of a first con-
ductive material (e.g., at least one of copper, tungsten, and/or
one or more other suitable materials). The diffusion barrier
1041 may be formed of a second conductive material (e.g.,
tantalum nitride and/or one or more other suitable materials)
different from the first conductive material. The diffusion
barrier 1041 may be positioned between the conductive
material portion and at least one of the first conductive
member 107 and the second conductive member 109. The
diffusion barrier 1041 may minimize or substantially prevent
unwanted diffusion of metal material.

The first conductive member 107 may include a conduc-
tive material portion and an etch-stop layer 1071. The
conductive material portion may be formed of a first con-
ductive material (e.g., aluminum and/or one or more other
suitable materials). The etch-stop layer 1071 may be formed
of a second conductive material (e.g., tantalum nitride
and/or one or more other suitable materials) different from
the first conductive material. The etch-stop layer 1071 may
be positioned between the conductive material portion and
the first substrate 100.

The third conductive member 104 may directly contact
both the conductive material portion and the etch-stop layer
1071.

The etch-stop layer 1071 may be positioned between the
conductive material portion and a portion of the third
conductive member 104.

The second conductive member 109 may include a con-
ductive material portion and an etch-stop layer 1091. The
conductive material portion may be formed of a first con-
ductive material (e.g., aluminum and/or one or more other
suitable materials). The etch-stop layer 1091 may be formed
of a second conductive material (e.g., tantalum nitride
and/or one or more other suitable materials) different from
the first conductive material. The etch-stop layer 1091 may
be positioned between the conductive material portion and
the third conductive member 104.

The third conductive member 104 may include a metal
portion and a diffusion barrier 1041. The diffusion barrier
1041 may be positioned between the metal portion and the
etch-stop layer 1091.

The semiconductor device may include one or more other
elements, such as one or more of a transistor, a micro-
electro-mechanical system (MEMS), an integrated passive
device (IPD), etc., and related interconnect structure.

According to embodiments of the invention, in the semi-
conductor device, two separated horizontal conductive
members 107 and 109 may be electrically connected to other
elements through a single vertical conductive member 104,
rather than through two spaced vertical conductive mem-
bers. Therefore, parasitic issues (such as undesirable RC
delay and/or parasitic capacitance) in the semiconductor
device may be minimized or substantially prevented. Advan-
tageously, the performance of the semiconductor device
(and a related electronic device) may be substantially satis-
factory.

FIG. 3 shows a schematic cross-sectional view that illus-
trates elements and structures of a semiconductor device in
accordance with one or more embodiments of the present
invention.

Some features and advantages of the semiconductor
device illustrated in FIG. 3 may be identical to or analogous
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to some features and advantages of the semiconductor
device discussed with reference to FIG. 2. For example, as
illustrated in FIG. 3, an alternative third conductive member
104' may contact both the first conductive member 107 and
the second conductive member 109 through the same hole of
the combined dielectric layer that includes the first dielectric
layer 101 and the second dielectric layer 102.

Some features and advantages of the semiconductor
device illustrated in FIG. 3 may be different from some
features and advantages of the semiconductor device dis-
cussed with reference to FIG. 2. For example, as illustrated
in FIG. 3, the alternative third conductive member 104' may
not extend into the first substrate 100 (or the first insulating
member 106), and the first substrate 100 (and/or the first
insulating member 106) may be positioned between the third
conductive member 204 and the third dielectric layer 102. A
top side of the alternative third conductive member 104' may
be positioned inside the first dielectric layer 101 and may be
spaced from the first substrate 100. An insulating element
and/or a conductive element may directly contact the top
side of the third conductive member 104 and may extend
into and/or extend through the first substrate 100.

The relative shortness of the alternative third conductive
member 104' may advantageously reduce unwanted antenna
effects.

In an embodiment, an alternative or additional third
conductive member may extend into the first substrate 100
without extending through the first substrate 100. A top side
of'the alternative or additional third conductive member may
be positioned inside the first substrate 100 and may be
spaced from the third dielectric layer 102.

FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D show schematic
cross-sectional views that illustrate structures formed in a
method for manufacturing the semiconductor device in
accordance with one or more embodiments of the present
invention. FIG. 5 shows a flowchart that illustrates a method
for manufacturing a semiconductor device, for example, a
semiconductor device related to one or more of FIGS. 2, 3,
4A, 4B, 4C, and 4D, in accordance with one or more
embodiments of the present invention.

Referring to FIG. 5, the method may include a step S101,
a step S102, a step S103, a step S104, and a step S105.

Referring to FIG. 5 and FIG. 4A, the step S101 may
include the following sub-steps: preparing a first substrate
100; preparing a second substrate 200; providing a first
dielectric layer 101 that overlaps the first substrate 100,
wherein a first conductive member 107 may be positioned in
the first dielectric layer 101; and providing a second dielec-
tric layer 103 that overlaps the second substrate 200,
wherein a second conductive member 109 may be posi-
tioned in the second dielectric layer 103. The step S101 may
further include providing a third dielectric layer 102 that
overlaps the first substrate 100.

One or more of the first substrate 100, the second sub-
strate 200, the first dielectric layer 101, the second dielectric
layer 103, the third dielectric layer 102, the first conductive
member 107, and the second conductive member 109 may
have one or more features discussed above with reference to
FIG. 2.

The method may include forming the first conductive
member 107 such that the first conductive member 107 may
include the first conductive member 107 a conductive mate-
rial portion and an etch-stop layer 1071. The conductive
material portion may be formed of a first conductive mate-
rial (e.g., aluminum and/or one or more other suitable
materials). The etch-stop layer 1071 may be formed of a
second conductive material (e.g., tantalum nitride and/or one
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or more other suitable materials) different from the first
conductive material. The etch-stop layer 1071 may be posi-
tioned between the conductive material portion and the first
substrate 100 after the bonding.

The method may include forming the second conductive
member 109 such that the second conductive member 109
may include a conductive material portion and an etch-stop
layer 1091. The conductive material portion may be formed
of a first conductive material (e.g., aluminum and/or one or
more other suitable materials). The etch-stop layer 1091 may
be formed of a second conductive material (e.g., tantalum
nitride and/or one or more other suitable materials) different
from the first conductive material.

Referring to FIG. 5 and FIG. 4A, the step S102 may
include bonding the first dielectric layer 101 and the second
dielectric layer 103 to each other, e.g., through one or more
wafer-bonding processes, to form a combined dielectric
layer.

Referring to FIG. 5 and FIG. 4A, the step S103 may
include forming (e.g., through etching) a hole 1040 in the
combined dielectric layer, such that the hole 1040 may
expose a portion of the first conductive member 107 and
may expose a portion of the second conductive member 109.

Referring to FIG. 5 and FIG. 4B, the step S104 may
include providing a diffusion barrier material (e.g., tantalum
nitride and/or one or more other suitable materials) in the
hole 1040 to form a diffusion barrier 1041. The diffusion
barrier 1041 may cover an inner side surface of the hole
1040 and may cover the exposed portions of the conductive
members 107 and 109. The diffusion barrier material may
also overlap (and cover) the third dielectric layer 102 and/or
the first substrate 100.

Referring to FIG. 5 and FIG. 4C, the step S105 may
include providing a conductive material (e.g., copper, tung-
sten, and/or one or more other suitable materials) in the hole
to form a third conductive member 104. The third conduc-
tive member 104 may include the conductive material and
the diffusion barrier 1041 and may directly contact both the
portion of the first conductive member 107 and the portion
of the second conductive member 109 through the hole
1040.

The formation of the third conductive member 104 may
include metal plating and/or one or more other suitable
processes.

The formation of the third conductive member 104 may
include forming (e.g., through physical vapor deposition) a
conductive seed film on the barrier layer 1041 for facilitating
subsequent electroplating. The conductive seed film may be
formed of, for example, copper and/or one or more other
suitable materials.

A first side of the third conductive member 104 may
directly contact the first conductive member 107. A second
side of the third conductive member 104 may directly
contact the second conductive member 109. A third side of
the third conductive member 104 may be positioned inside
the combined dielectric layer and may be directed connected
to each of the first side of the third conductive member 104
and the second side of the third conductive member 104.

A length of the third side of the third conductive member
104 may be less than a total length of the third conductive
member 104 in a direction perpendicular to the second
substrate 200.

The first side of the third conductive member 104 may
directly contact a first side of the first conductive member
107. The third side of the third conductive member 104 may
directly contact a second side of the first conductive member
107.
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The third conductive member 104 may be formed to
contact both the conductive material portion and the etch-
stop layer 1071.

The third conductive member 104 may be formed such
that the etch-stop layer 1071 may be positioned between the
conductive material portion and a portion of the third
conductive member 104.

The third conductive member 104 may be formed such
that the third conductive member 104 may include a diffu-
sion barrier 1041 and such that the etch-stop layer 1091 may
be positioned between the conductive material portion and
the diffusion barrier 1041.

Referring to FIG. 4D, the method may further include
removing (e.g., through etching) a portion of the third
conductive member 104 to form an alternative third con-
ductive member 104' with a reduced length. The alternative
third conductive member 104' may have one or more fea-
tures discussed above with reference to at least one of FIG.
2 and FIG. 3.

An embodiment of the invention may be related to an
electronic device. The electronic device may include a
semiconductor device that may have one or more features
and advantages analogous to or identical to one or more
features and advantages discussed above with reference to
one or more of FIG. 2, FIG. 3, FIG. 4A, FIG. 4B, FIG. 4C,
and FIG. 4D.

The electronic device may be or may include one or more
of'a mobile phone, a tablet computer, a notebook computer,
a netbook, a game console, a television, a video compact
disc (VCD) player, a digital video disc (DVD) player, a
navigation device, a camera, a camcorder, a voice recorder,
an MP3 player, an MP4 player, a portable game device, etc.

The electronic device may be or may include an interme-
diate product (e.g., a mobile phone main board) or module
including a semiconductor device that may have one or more
of the features and advantages discussed above.

According to embodiments of the invention, in a semi-
conductor device, two separated horizontal conductive
members may be electrically connected to other elements
through a single vertical conductive member, rather than
through two spaced vertical conductive members. Therefore,
parasitic issues in the semiconductor device may be mini-
mized or substantially prevented. Advantageously, the per-
formance of the semiconductor device (and a related elec-
tronic device) may be substantially satisfactory.

While this invention has been described in terms of
several embodiments, there are alterations, permutations,
and equivalents, which fall within the scope of this inven-
tion. It should also be noted that there are many alternative
ways of implementing the methods and apparatuses of the
present invention. Furthermore, embodiments of the present
invention may find utility in other applications. The abstract
section is provided herein for convenience and, due to word
count limitation, is accordingly written for reading conve-
nience and should not be employed to limit the scope of the
claims. It is therefore intended that the following appended
claims be interpreted as including all such alterations, per-
mutations, and equivalents as fall within the true spirit and
scope of the present invention.

What is claimed is:

1. A semiconductor device comprising:

a first substrate;

a second substrate;

a dielectric layer that is positioned between the first

substrate and the second substrate and has a hole;

a first conductive member that is positioned in the dielec-

tric layer and includes a first conductive material por-
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tion and a first etch-stop layer formed on the first
conductive material portion;

a second conductive member that is positioned in the
dielectric layer and includes a second conductive mate-
rial portion and a second etch-stop layer formed on the
second conductive portion, wherein the second con-
ductive member is spaced from the first conductive
member, and is positioned closer to the second sub-
strate than the first conductive member, and wherein
the hole of the dielectric layer exposes a top and side
portion of the first etch-stop layer and a lateral portion
of the first conductive material portion of the first
conductive member, and a top portion of the second
etch-stop layer of the second conductive member; and

a third conductive member that contacts the top and side
of the first etch-stop layer and the lateral portion of the
first conductive material portion of the first conductive
member and the top portion of the second etch-stop
layer of the second conductive member through the
hole.

2. The semiconductor device of claim 1, wherein a first
side of the third conductive member contacts the first
conductive member, wherein a second side of the third
conductive member contacts the second conductive mem-
ber, and wherein a third side of the third conductive member
is positioned inside the dielectric layer and is directed
connected to each of the first side of the third conductive
member and the second side of the third conductive member.

3. The semiconductor device of claim 2, wherein a length
of the third side of the third conductive member is less than
a total length of the third conductive member in a direction
perpendicular to the second substrate.

4. The semiconductor device of claim 2, wherein the first
side of the third conductive member contacts a first side of
the first conductive member, and wherein the third side of
the third conductive member contacts a second side of the
first conductive member.

5. The semiconductor device of claim 1, wherein the third
conductive member includes a conductive material portion
and a diffusion barrier, wherein the conductive material
portion is formed of a first conductive material, wherein the
diffusion barrier is formed of a second conductive material
different from the first conductive material, and wherein the
diffusion barrier is positioned between the conductive mate-
rial portion and at least one of the first conductive member
and the second conductive member.

6. The semiconductor device of claim 1, wherein the
conductive material portion is formed of a first conductive
material, wherein the etch-stop layer is formed of a second
conductive material different from the first conductive mate-
rial, and wherein the etch-stop layer is positioned between
the conductive material portion and the first substrate.

7. The semiconductor device of claim 6, wherein the third
conductive member contacts both the conductive material
portion and the etch-stop layer.

8. The semiconductor device of claim 6, wherein the
etch-stop layer is positioned between the conductive mate-
rial portion and a portion of the third conductive member.

9. The semiconductor device of claim 1, wherein the
conductive material portion is formed of a first conductive
material, wherein the etch-stop layer is formed of a second
conductive material different from the first conductive mate-
rial, and wherein the etch-stop layer is positioned between
the conductive material portion and the third conductive
member.

10. The semiconductor device of claim 9, wherein the
third conductive member includes a metal portion and a
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diffusion barrier, and wherein the diffusion barrier is posi-
tioned between the metal portion and the etch-stop layer.

11. An electronic device comprising a semiconductor

device, wherein the semiconductor device comprises:

a first substrate; 5

a second substrate;

a dielectric layer positioned between the first substrate
and the second substrate and has a hole;

a first conductive member, which is positioned in the
dielectric layer and includes a first conductive material 10
portion and a first etch-stop layer formed on the first
conductive material portion;

a second conductive member, which is positioned in the
dielectric layer and includes a second conductive mate-
rial portion and a second etch-stop layer formed on the 15
second conductive portion, wherein the second con-
ductive member is spaced from the first conductive
member, and is positioned closer to the second sub-
strate than the first conductive member, and wherein
the hole of the dielectric layer exposes a top and side 20
portion of the first etch-stop layer and a lateral portion
of the first conductive material portion of the first
conductive member, and a top portion of the second
etch-stop layer of the second conductive member; and

a third conductive member that contacts the top and side 25
of the first etch-stop layer and the lateral portion of the
first conductive material portion of the first conductive
member and the top portion of the second etch-stop
layer of the second conductive member through the
hole. 30



